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Motion MomtonngandAnaSysia System 
faparfamlar.thcp,eae«tii,veiitiooxd[ate8toa^^ 



IS imwiiehntsraiMaadil^juitabdiigtotlMW^^ 

vn»M«« relate injuries reputed ead. ye„, rf^iw, i« ^ lajXTtte 
««>rte(IJ8D),,»ultriinfteIoMofo«r40.ooo«oddi^ toA,, 
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o,^toquami«,IJBDrid«,sach«8theNationaIIn^^^ 
Safe^andHealth<MOSI30,Stadcgtx^gap^o«P„ 

^TunbarAftrtion Monitor PtogramCLM^ 

^es« Methodologies l^adighttydifferentaw^^ 

methodriogies a^d is designed as .p^«adpe«dl assessmeirt tool for 
ergonoHHste or workplace assessment officers providing an empirfcal method 

One^taja for applying the NIOSH equation is described In US Patent 
fl.! ^^P^'^t'^^^'b^anii^trumentedanafe^isigr^ 
aretractable^bleandpotentiometersystemi^idic^ 

20 «q-t»«m«Itiiaiershidicativeofpl^parameler^ 

noderaMysis. However, the tostromented^tem described is a rather 
dfid^ «0«em and is cnmbeiaome and not easi implemented in a nonnal 
workmg envHonm^t. Pariher such asiystem will not allow nninmeded long 
t^analysisofiieliftingtaskduringtheentireworkd^. tothisregaiTL 

as "^y^reqmresadedlcatedspacetosetupthehistrumentationand 

o^eneuced pecsomiel to operate the ^stem and as such is better suited to a 

labomtoiy environment than areolar work emdronment. 

T>^icany. there areverylimited&cilltiestoperfbrmmonitoring 

30 ^ysisoffactorsassodatedwi&taskssuchasliftingwithtotheactualwork 
environment. Workplace assessment as it pertains to LBD can only monitor 
motw>n for aaite periods of time or use equipment that is cumbersome to use in 
a r^ar work environment over prolonged periods of time, and takes lime to 
analyse. In addition most of the workplace assessment tools, contain 

35 «««n«nientofsome8ubiectivecomponeirfswhicharedifficulttoaccuratefy 
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^xeUabVasse83 and are usuaHy dependent on the experience of tt.easse.sor 
ranng such measurements. assessor 



«?yBte«i3jiese sj«*eins are exp^^ 
^fi^ea«orlA«de.Inadditfon,la^ 

period of tune andin eveiyd^ workplace and conditions, is notpos^e. 

mdn^dorworMace8etli^g.prov^ 

fteoverd movement tlu^tafiectthefuncficmd^ 

ma. apph^ta^u«an motion in Aeindnstri^ 

P<««bleto«3entifyspedficpatternsofmovememwMchin^^^^^ 
ao v«»;^«««iy,beitBflingorotl»er«petiti^ 

«^nomists, workplace safe^ oonsnltanto, and healtH professionals Zbo me^ 

v^fehtoanalyse&eworkenvironmentindudingtte 

^*»^theenvlronmentin«i^tdetailsoastominiimsei«^ 

dsovndi to analyse mobon of those -who need to be trained to perform a 
P«t««tota*ae. lifting) indetaa to ensure nrink^ 
assess vtbsre help is needed. 

30 ^^^^^ertoenablegreateraccesstodevicesthatcanmonltorliuman 
motion in Ifae work environment throng out the day, a need therefore exists 

fer a„crtionanal3^ S3«tem,v*idi is low in initial cost, reliable, robust, simple 
andlowcosttooperate. Ideally such a ^tem could be worn in the work 
env^ronm^t by a sul^j ec^v^iker fbr extended periods allowing motion data to 

35 ^«<»»««*edunderactuaIwojfldngconditi(msasthesuyectgoesa^^^ 
work activities. 
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Ini«rticular,midia^temwiiiWinal»wo^ 
5 widely avmlable for AoaemdividujOstequiringsuc^ 

iDOintorbg and assessment iuooiporating mai^ of ihe common assessment 
took (indudmgbut not restricted toNIOSH, LMMP, SSPP, UAW-QM RFC or 
fefttte assessment tool). In addition, the ^plications of such a system would be 

&r broader. For eKampto, such a qretem could be nsed to analyse wal-time 
xo '»°honsassociaiBdfi«.trata^ 

of physiological measures, vworlc redesign and general ii^ my prevention. 
Siiimnary of the Twy^wi^^^ 

16 ^•P««»»*S™rttonxCTldesinamotionanalysfa 

^cmfoPmonitoringlheMingmottonof asnlgert^tie^ysto a 
pimralily of sensor elements mounted to movable body segments of a sub|ect 
said sensor elements capable of sensing parameters associated with individu^ 
movemantof me body segments; a control device for receiving said sensing 

20 Param«te«tom«nd sensor dements and combining said sensu^ 

to determbie overall Ming moUon of said sul^ject; and an analysis means for 
analysing said overall lifting motioa of said subject to determine wheflwr said 
overall lifting modon of said sniilect is within acceptnUe Emits. 

06 Frefierabfy, the sensor element includes a data memory and 

microprocessar for storing and processing said sensed parameters of movement 
pnor to sending to the control device for analysis. 

Preferably, eadi sensor element includes gyroscopes and aocelerometers 
30 formeasurlngangularvelociiyofthemavablepartofthemovablebo^ 
segment in at least one or more planes of motion and for measuring 
accelerationcomponentsinthreedimensions. More preferably, each sensor 
element monitors angular velocities in the sagittal, coronal and transverse 

Phmes of the body segment that the particular sensor element is mounted on 
35 and monitors linear acceleration ejqperienced in three dimensions in relation to 
the body figment to which it is attached. 
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Pj^fcrab^y.eadisensOTdenientiiuydsomani^^^ 
and relative ttaasme an^ of ite awodated boify segment and measuie 
pressures as a resistance meaauiement pressuie senaors provided vdth the 
6 ^em. I'^er,eadisensore3ememiaayalaameaanreslrainviastaiin 
gangesprovidedwlthaifisensordement. Hie sensor also prefembly has tlw 
provision to accept external signalsftom other devices such as, but not 
restricted to heart rate monitors, other pl^ological measurement devices 
tostrumented shoes (tor example, pressure dutrihution t^stems) and fixed' 
10 force plates. 



Preferably, t3ie control device is m communication with Ae sensor elements for 
controlling and eoDectins data firom lie sensor dements, and for analysing. 
15 Pn»vidingrealtime«wdback(auralaiMVorvlsual)anddi8playingthedata 
Preferably, the con*njldevioei8iniheWofahand4ield programmable 
device sudi as a pocket PC, PDA. or mobUe tetephcme-PDA oombinatlon. The 
control device could also be a personal computer CPC), Additional control 
devices can also be embedded within a sensor unit 

ao 

To &dUtnte operation of the external ctmtrol device, die control device 
^etoblyhas a display screen. Hiedisptayscrefflimaybealiquidacyslal 
display (IXID) that may be used for controlling the operation of the system 
Further, the LCD may be used by an operator for ana!^ and display of the 

25 n«rtiondataobtainedbythemotionanalysis8y8tem.1heexleinalcontrol 
device can also be used toprogram tiie embedded senaor control device in 
order to perform general and specific fonctiou via hardwire or wireless 
communication protocols. 

30 The control device is preferably either placed extermd to a sensor or 

embedded within a sensor may mdude a memory card slot such as a flash 
memoxy card slot Note that a memory card can be also embedded within a 
sensor. Accordingiy, tie interface unit for the <artemal control device may 
mdude a flash mconoxy inter^ card v»hi«ai intocfoces to the control device via 

35 a compact flash bus. 
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f.^J^f^' "^^^ n«yprefe«bly indude a remtrte control 

6 ^tafinomtherenioteoontadiiiiittotheconinto. 

c^antofece. Thi3wl^ab>.i^ c««»uMc.tions interface 



15 



^o(m^H«p«^ete« associated ^ iheovendl lifting motion wtth the 

indicabng whether l3ie ovaraH motion of the subject is ^tMn said safe and 
acc^ted limits. -*'^aiiw 



20 



1^ invention is now- 
accompanying diagranmiatic drawing? in i^ich: 

25 

, ^^"'*T****'^^***»=^»»°"*toringandanafysis«o«temofthep^^ 
invantion«w monitoring thelifting motion of a subject; 

^^«f^^^d«^l«)«a«l«opometrtcaIdataofme« 



35 



r^ures 8hov«9 an interactive ftame-by^rame analysis screen of the 
present mvention witii an animated version of the sensed motion; and 



COMS ID No: SM&I-00317438 



Received by IP AustraRa: Time (Han) 20:21 Date (Y-M-d) 200M7^1 



8 



5 

'^^^^^'^^ ™n™i»*cates.dtha ciL>Uer30 via a 

carrted device wWch can furtier camnnmieate with a Z ^ ^ 
such as aremotdyiKisitioneii n^^-.Tr^^]^^^*""*"^'*^***'**'' 
tWbv JZZ; r T ^ <«™l«t«r. T3ie remote control davioe 40 
^er^ providfaig remote acoeas to the data 



20 



« «n „ .pp^Hrte drcoaxy to 8t«^ 



^es), heart nrten^«tois,footpress««<«stnbi^ 

poamonmg sensors, portablegas analysis ^emsoroflJ^^S^..* 

incaq«»«teiWsi„fi«„«tioaMrtthbo4jrm^^^ devices m order to 

» ^edataooIlectedHireaeh flenswdemttrt maybe ehier stored ^ 

sensor datamemory and d«wnloadedtetheccn.ixoC^^^ 

tWs.^, thecontronerso «>nrtan% receives the tofe™^ 
aenswelemedtaodnringthemirtion «™»»»™tionftomeach 

15 

(Ito .rftt. W «twiiiS(yl«i«aa ae 1* and toed, 1« ^ 
tlMUvpeufmoitontobeaiialysrt. ■^oqwnamgoii 
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mounted. of tha botfy s^ent upon which it is 
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greater amount of freedMtt of movement and ease of iwe to enable the subject 
or worker to perfomiJiedesiredworlringtasJcs wife 

Aremote control interface is indodedforcomnninicating with the 
5 «=^<rteoontrolaystem40ofthe;?3Wteniio.TT»remotec^ 

indnde a PC located remotely from the worker or sutrject of interesl; for 
example Ihe remote control system 40 may be a PC located and operated by an 
OBWwmirt or workplace safety officer situated in an area remote from the 
sabfecL In1iiisiegard.thesensedniotionQfthesubjectorworkercanbe 
10 momtoredasthiypeitonoommontaiflcssiMhaslifdiigol^i-^^ 

vaiious measurements taken from the sensor elements ao can be sent to a 
remote computer for analysis. This could occur in real-time sudb that a workei^s 
^on can be monitored in order to ensure that the woiacerpractiaea safe 

hftmg and ttefflce to detect or monitor cumulative loads before the onset of a 
i5 P«Meni.«idia8l^D, or may occur foll^ 

endofadesignati!dtinieperiod,suchasaltbeendofeachdsy. 

'niesystemofthepresentlnventioncanbeusedtoalertawoEker.uBing 
an alarm, that their current motion is not optimal, upon detection of a specified 

ao enterionbaing exceeded during a performed task. Such a criterion canbe 

M^^tedlyapptyingcommonworkplacesafeiyasses8mentto6te,suchastiie 
NIOSH equatfon, or other similar measures previously mentioned nsing the 

collected data. As a result, the present Biyslem can be used hi a number of 

applications, which have previouslynot been possible due to the feet that the 
as s»»»e<*^oon&iedtolaboratoryq)acesanddedicatedlaboratory^^ 

"Il^presettthrvenlloncancasifybeappHedtomomtoringmanualliffchig 
tasks and calculating the NIOSH liftmg Index (U) for a woricer or sul^ect 
performing their daily work routine. As aOuded to previously, the NIOSH 

30 equation uses5ri8k£actor8tocalcukteareconmiendedw«ightlimit(KWl.)for 
hfthig. NIOSHstartswithaaskg load constant thatisreducedhyamultiplier 
for rachxiskfiictor that has a value of less than 1. Multipliers are computed for 
me horizontal distmice between the part lifted and the bo<fy, the start height, 
fee vertical distance lifted, lift a^S«unctiy. the quality of the hand o^^ 

35 ^terface(coupling)andthefrequencyoflifttog. TheUiscomputedhy 

fevidmgthe weight oftheobiecttobeliiiBdlyfeeRWL. Lifting tasks feat have 



COMSIDNo:SMBl^«)317438 Receh«d by IP Australia: Time (H:m)2(fc21 Date (Y^lW) 200W)7-01 



aUoflessUiciarecoiiaideredaoceptable. U ratios of xwffl put a healthy 
v^atfaicreaaedriskforlBD. lUeNIOSH equation. ako has pw^visi^to 
considerphysioldgical foctocs sudi as energy ^diture. but mxtfl nov^howto 
incoiporatesuchmeasureshasbeendifficiilttodo. Itea«beimiiiediai«ly 

S aPPredatedthatthisinveiitionwUdlowmeflOTwmentofpWiol^ 
measures during liflv is a significant adv^ 

IheNIOSH analysts program of tlie present invention is comprised of 
two pK^ranuning dements. The Grat programming element is deployed on the 

10 <»«troller3oradiasawea«daePDAorsimilarporta^^^ 

5^>^anmiing element is deployed on a i^note oontiol i^stam 40. audi as a 
standalone peisonal computer (PC). With i^ardto the firat processing 
dement, the sensor data can be processed hjr the PDAin real time, perform 
baswaaaiysesandatocetheiawandprocesseddata. With regard to the second 

15 P™«Mingdement.1iwPCpn»gramcanenaUemore^ 

hMng tasks, such aa owddingandpeifbnnwg'S^lir si^nariaa fi^ 
place redesign and otha: emerging ^pdicatlona cmoe tiie data has been 
dovmloaded from the PDA. In this regard, snch complex analyses can be done 
at a later tune. In addition, the deployment of analysis software on a PC aUows 

s«> «^o«ofadatabaseofresuItS8oastomomtorpiogres8andreoordkEeping, 

"I^eptnposeofihBPliAaiialysisprogramiatoconvertMw^^ 
ohlamed ftom the sensor elements 20 and calculate common parametets (both 
kmematic and spatiotemporal). The basic concept mdndes converting 

as segmentaltiltangjesintosegmentcoordinatesthatarethenusedtoieoonatnict 
an animatedbiomechanical atickfigure using trigonometry or other 
mathematical conversion me&oda (spherical coordfaiates). The biomedwnical 
segmental model depoida on the number of sensor elements 20 that are 
attached to the subject If seven sensor elements 20 are used it win create a 

30 seven-segmentmodeL This allows aecurate determination of user specified 
events during manual handlmg tasks such as when the woiter picks up the 
obiect to be lifted and when the worker lets go at the destination. The 
determination of audi events can then be used to calculate the initial height, the 
homontal distance of the olgeet from the worker, the distance of the lift, the 

35 a«aliiyofcoupling,]iftirequen(yandttiea^ymmetryofthelift(amountof 
twiatmg of the torso), all of whidi are hnportant fiiccoia to consider to calculate 
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theraoSHKftMe^Theweightoftheobjecttobelifte^ 

thagoodsbeuighandled. l^mflJ8iiu.PDAi8ableto«lcalatethel^Oa?^^^ 

from^plelrflsaadprovide8a«ditoiyfeedback<»atem5f«»liofii8 
««e^^S«„ actual lifL In adaitioi^thefc^^^ 

the wanung tone cha^ge8 proporUoiM% to increase 

tte X-Y coardmates and rotational an^es of torso and otber stents ar« 

sae«i is oigaiuzed mto a series of panda. Each panel bas a specific ftmdion, 

sti^fteurexepreseiftation ofibea^^^ 
wta^,.ftil]yanfanatedand<»«rollaWe.T^^ 

theshckfigu«bypre83mglheapp«^riatefaTO^framebu^ 
nomaltimemod&i^iadiovm,ii,econtrolsaresimilartQVCRcontrols Thfi 
as '^^'^atestfaestidcflgurefran.ebyframeand^enaspe^^ 
^1heol^ectisgrabbedbythe^votlcer)i.identified,tt^^^ 
iq»pnipnate data to 5. The prngnnn also aDows for automatic event 

identifi,^tionformanytrialsinv*idxaev«,rkerlitemanyobie^ 

30 <«J<^l^frequen<y(lifte/„rinute).The«sercanalaorevicv.i^^ ^ 
ev«ntsffliidrfnecessaiy corrections can be made. If no analogue aignab were 
coUectedeventidcntiflcationsisdonenianuHlly. 

35 n<>"»^«srtandcaIculatesl3ierelevantOT05Heq«ations^ 
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estimated t(nqu« about lumbar levds Ws-AU data are saved for forft*«. 
piesentatioii.orsaveduiloadatabase. "^e saved for ftrfiier 

^^such a discrete and ea^ to »se ^tem as (he p4em ta«ntia« 



™*erbXX]J.wffltov.«idhi<«aIbendl.sl««„.,^ 
as ««°«<Wj''=™I»tead%appwdated«te 



o^monaxflsMrfto^aeri^rf^ ^^^^^^ 

r*^'»n*tl<»«.ll,epre,entim«,U<»«fn«^^ 

«arttago>ea»on„orth.devdopm«rt„fart»^^a«a™,^ 
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8pecffic«flhemdivid«alM«,rter.8uchaslliewDrke^^ 
^^^tlonsareoribr examines of tiu»<««^ 
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